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The Refilins (RefilinA and RefilinB) 
are a novel family of short-lived actin 

regulatory proteins that are expressed 
during changes in cellular phenotype 
such as epithelial to mesenchymal tran-
sition (EMT). The Refilins promote 
the formation of actin- and myosin-rich 
perinuclear bundles that are character-
istic of cellular phenotypic switches. In 
epithelial cells, RefilinB is upregulated 
in response to TGFβ stimulation and 
functions in organization of apical peri-
nuclear actin fibers during early stage 
of the EMT process.1 In fibroblasts, 
RefilinB stabilizes perinuclear parallel 
actin bundles which resemble actin cap.2 
Refilins bind and modulate the function 
of Filamin A (FLNA). Upon binding to 
Refilins, FLNA is capable of assembling 
actin filaments into parallel bundles, 
possibly by undergoing conformational 
changes at the C-terminal. Perinuclear 
actin structures determine nuclear shape, 
cell morphology, cell adhesion and pos-
sibly cell proliferation and gene regula-
tion. Identifying the role of Refilins in 
organizing perinuclear actin networks 
provides additional insight in the pro-
cess of intracellular mechanotransduc-
tion that regulate changes in cellular 
phenotype such as those observed during 
EMT.

Refilin Proteins

The actin cytoskeleton is crucial for devel-
opment as it controls cell division, mem-
brane remodelling, cell migration and 
differentiation. These essential functions 
rely on the dynamic nature of the actin 
cytoskeleton. The mechanisms that deter-
mine actin cytoskeleton organization and 

Refilin holds the cap

Olivia Gay,1,2 Fumihiko Nakamura3 and Jacques Baudier1,2,*
1INSERM Unité 1038; équipe Biomics; Commissariat à l’Energie Atomique; 2Université Joseph Fourier; Grenoble, France; 3Translational Medicine Division; 

Department of Medicine; Brigham and Women’s Hospital; Harvard Medical School; Boston, MA USA

dynamics are controlled by a wide array 
of regulatory proteins. In this context, we 
have identified a new family of short-lived 
actin regulatory proteins, the Refilins, 
which are expressed during cell differen-
tiation switches and serve as organizers 
of perinuclear actin networks. There are 
two known Refilin isoforms, RefilinA and 
RefilinB. RefilinA has a half-life of less 
than one hour and is transiently upregu-
lated during differentiation of rat neu-
ral multipotent precursor cells into glial 
progenitors (unpublished data), while 
RefilinB is expressed during epithelial-
mesenchymal transition (EMT) mediated 
by TGFβ.1

Rat RefilinA and RefilinB proteins 
display 40% identity and 48% similarity 
(Fig. 1). Refilins are capable of forming 
homodimers; the dimerization domain 
is located at the monomer’s N-terminus.1 
The stability of Refilins is determined by 
their N-terminal sequences; mutation of 
the N-terminal domain alters the half-
life of Refilins (see Fig. 1, unpublished 
data). Refilins exhibit greater stability in 
cells treated with the protease inhibitor 
MG132, suggesting that Refilins are sub-
ject to proteasomal degradation (unpub-
lished data). Given the obvious impact of 
Refilins on actin dynamics, the mecha-
nisms that determine the stability and 
degradation of Refilins deserve further 
investigation.

Refilin Promotes FLNA-Dependent 
Actin Bundles

In cells, Refilins are stabilized upon 
interaction with filamins, which are 
actin-binding and cross-linking pro-
teins. Vertebrate filamins are the only 
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does not interact with F-actin, leaving 
it free to associate with partner proteins 
(Fig. 2). In the absence of bound Refilin, 
FLNA dimers crosslink actin filaments 
into orthogonal networks.4-7 The bind-
ing of Refilins converts FLNA from an 
actin branching protein into one capable 
of assembling actin filaments into parallel 
bundles (Fig. 2A and B).

a homodimer of 280 kDa subunits com-
posed of an N-terminal actin-binding 
domain followed by 24 immunoglobulin-
like domains.4 Two intervening calpain-
sensitive “hinges” separate the repeats 
into rod 1 (repeats 1–15), rod 2 (repeats 
16–23) and the dimerization domain 
(repeat 24). A secondary F-actin-binding 
domain resides in rod 1,4 whereas rod 2 

proteins known to co-immunoprecipitate 
with Refilins. Filamin A (FLNA) is the 
most abundant and best-characterized 
member of the three filamin isoforms. 
FLNA is ubiquitously expressed and pro-
vides mechanical stability to the actin 
cytoskeleton. FLNA also functions as a 
scaffolding protein for various cellular 
signaling pathways.3 Vertebrate FLNA is 

Figure 1. Sequence alignment of rat refilina and refilinB proteins. the two proteins show conserved regions with homologous (purple) or similar 
(blue) sequences. a 15 amino-acid N-terminal sequence is fully conserved between the two proteins, whereas a specific sequence is only found in 
refilinB (red rectangle). these two regions function to control refilin stability and degradation (manuscript in preparation).

Figure 2. refilin/FLNa complex organizes actin network into bundles. a proposed model by which refilin binding promotes conformational changes 
in FLNa molecules that favor the bundling of actin filaments. (a) In the absence of bound refilin, the V-shape FLNa molecule (green) generates actin 
networks (gray). (B) after binding of refilin dimer (blue), FLNa acquires actin-bundling instead of actin-networking properties. (C) Domains 19, 20 and 
21 on FLNa are folded such that domain 21 is entrapped between domains 19 and 20. the binding of dimeric refilin to domain 21 of FLNa induces a 
conformational change of the 3 domains.
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Collectively, these observations suggest 
that in the presence of low concentrations 
of RefilinB, the RefilinB/FLNA complex 
shows more avidity for the apical peri-
nuclear actin cytoskeleton, although the 
RefilinB/FLNA protein complex may also 
localize to conventional basal actin fibers.

What are Perinuclear Actin  
Structures?

Two perinuclear actin structures have 
recently been described: the “actin cap”2,10 
and the transmembrane actin-associated 
nuclear (TAN) line.11 Actin caps generate 
tension in order to control nuclear shape 
while TAN lines are involved in nuclear 
positioning during cell polarization.

Both the actin cap and the TAN line 
are positive for myosin staining although 
they exhibit two main differences. First, 
the actin cap and TAN lines are ori-
ented parallel and perpendicularly with 
the direction of cell migration, respec-
tively. Second, actin caps are directly 
linked to focal adhesions; this is not 
observed in TAN lines. It is important to 
note that actin caps have been identified 

Refilin/FLNA Complex Localizes 
on Actomyosin Fibers

Refilin binding to FLNA promotes actin 
bundling in vitro.1 In U373 astrocytoma 
cells, overexpression of a GFP-Refilin 
fusion protein promotes FLNA transloca-
tion from actin fibers, membrane ruffles 
and the cytoplasm to well-defined basal 
actin stress fibers that are connected to 
focal adhesion sites (Fig. 4). In addition, 
the Refilin/FLNA complex also appears 
on parallel perinuclear actomyosin fibers 
that organize above the nuclei and control 
nuclear height (Fig. 4B x-z and reviewed 
in ref. 1). In NIH 3T3 fibroblasts, endog-
enous RefilinB is expressed in confluent 
cells and the protein co-localizes with 
FLNA on perinuclear actomyosin fibers.1 
Co-localization of RefilinB with FLNA is 
also observed in basal stress fibers in over-
confluent NIH 3T3 cells (unpublished 
data). In mouse epithelial NMuMG cells, 
RefilinB is expressed in response to TGFβ 
stimulation and the RefilinB/FLNA com-
plex is specifically located on perinuclear 
actin filament bundles that form at the 
apical surface, but not on basal actin fibers. 

Refilins enclose two putative FLNA 
binding domains and are capable of 
homodimerization at their N-termini.1 It 
is therefore conceivable that Refilins cross-
link FLNA and that crosslinked FLNA 
induces bundling. In this sense, RefilinA 
may function as a “zipper” that promotes 
the formation of multimolecular FLNA 
complexes on F-actin (Fig. 2B).

Moreover, three-dimensional 
structural studies revealed that the 
19–21-domain fragment of human 
FLNA may function as an auto-inhibi-
tory domain.8,9 Based on detailed FLNA 
mutagenesis studies, we have proposed 
that Refilins bound to FLNA repeat 21 
induce a conformational change in FLNA 
repeats 19–21 and change the high-angle 
F-actin branching mediated by FLNA 
into a low angle bundling of F-actin (Fig. 
2). The notion that Refilin induces a 
conformational change in FLNA 19–21 
domain is supported by the drastic 
decrease in FLNA immunoreactivity in 
the presence of RefilinA; this was deter-
mined by immunofluorescence using an 
antibody directed against repeat 19 of 
FLNA (Fig. 3).

Figure 3. monoclonal anti-FLNa antibody as a sensor of refilina-FLNa interaction. (a): map depicting the epitopes of mouse monoclonal anti-FLNa. 
Ha-tagged FLNa fragments (a–e) as indicated were expressed in human melanoma m2 cells and total cell lysates were probed with mouse anti-Ha 
or anti-FLNa from abnova. (B) u373 cells transfected with GFP-refilina plasmid were fixed and immunostained with an anti-FLNa antibody. Cells 
expressing GFP-refilina showed a drastic decrease in FLNa immunoreactivity. Bar = 20 μm.



©2011 Landes Bioscience.
Do not distribute.

794 Communicative & Integrative Biology Volume 4 Issue 6

2. Khatau SB, Hale CM, Stewart-Hutchinson PJ, Patel 
MS, Stewart CL, Searson PC, et al. A perinuclear 
actin cap regulates nuclear shape. Proc Natl Acad 
Sci USA 2009; 106:19017-22; PMID:19850871; 
DOI:10.1073/pnas.0908686106.

3. Stossel TP, Condeelis J, Cooley L, Hartwig JH, 
Noegel A, Schleicher M, et al. Filamins as integra-
tors of cell mechanics and signalling. Nat Rev 
Mol Cell Biol 2001; 2:138-45; PMID:11252955; 
DOI:10.1038/35052082.

4. Nakamura F, Osborn TM, Hartemink CA, 
Hartwig JH, Stossel TP. Structural basis of fila-
min A functions. J Cell Biol 2007; 179:1011-25; 
PMID:18056414; DOI:10.1083/jcb.200707073.

5. Wang K, Singer SJ. Interaction of filamin with F-actin 
in solution. Proc Natl Acad Sci USA 1977; 74:2021-5; 
PMID:325564; DOI:10.1073/pnas.74.5.2021.

6. Tseng Y, An KM, Esue O, Wirtz D. The bimodal 
role of filamin in controlling the architecture and 
mechanics of F-actin networks. J Biol Chem 2004; 
279:1819-26; PMID:14594947; DOI:10.1074/jbc.
M306090200.

7. Hartwig JH, Tyler J, Stossel TP. Actin-binding pro-
tein promotes the bipolar and perpendicular branch-
ing of actin filaments. J Cell Biol 1980; 87:841-8; 
PMID:6893990; DOI:10.1083/jcb.87.3.841.

8. Lad Y, Kiema T, Jiang P, Pentikainen OT, Coles CH, 
Campbell ID, et al. Structure of three tandem filamin 
domains reveals auto-inhibition of ligand binding. 
EMBO J 2007; 26:3993-4004; PMID:17690686; 
DOI:10.1038/sj.emboj.7601827.

9. Baldassarre M, Razinia Z, Burande CF, Lamsoul I, 
Lutz PG, Calderwood DA. Filamins regulate cell 
spreading and initiation of cell migration. PLoS ONE 
2009; 4:7830; PMID:19915675; DOI:10.1371/jour-
nal.pone.0007830.

10. Wirtz D, Khatau SB. Protein filaments: Bundles 
from boundaries. Nat Mater 2010; 9:788-90; 
PMID:20864937; DOI:10.1038/nmat2868.

also influence gene expression and their 
presence correlates inversely with cellular 
proliferation.13,14 The identification of an 
actin regulatory protein complex (Refilin/
FLNA) that organizes perinuclear actin 
during changes in cellular phenotype has 
furthered our understanding of the role of 
perinuclear actin in normal and pathologi-
cal situations. In Figure 5, we propose a 
model outlining the putative function of 
the Refilin/FLNA complex. The role of 
this protein complex in perinuclear actin 
organization requires further investigation.
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Figure 5. Hypothetical models of actin perinuclear structures stabilization by refilin/FLNa complex. Schematic representation of the hypothesized 
roles of refilin and FLNa in the formation of perinuclear actin structures. after binding to refilin, FLNa changes from an actin-crosslinker to an actin 
bundler and the refilin/FLNa complex subsequently organizes perinuclear actin structures by interacting with components of the LINC complex 
through binding to refilin (blue), FLNa (green) or a presently unidentified protein (X, orange). these hypotheses will require further investigation.


